Renal transplantation is a recognized treatment for endstage renal failure, offering a better quality of life, independence from dialysis, better survival rates, and decreased cardiovascular complications compared with renal replacement therapy (1 ) . Recently, continued increases in the prevalence of end-stage renal failure and the length of transplantation waiting lists have not been matched by an increased supply of donors from the traditional brainstem dead donors and living donors. Non-heart-beating donor (NHBD) kidneys are regaining importance to substantially increase the kidney donor pool, with estimates indicating a potential increase of 20 -40% (2, 3 ) .
The use of NHBD kidneys is associated with the development of two adverse conditions, primary nonfunction (PNF) and delayed graft function (DGF), which are caused by the ischemic injury that occurs after cardiorespiratory arrest. Therefore, in centers with NHBD programs, it has become necessary to screen-out damaged kidneys that will never work.
Machine preservation using continuous hypothermic pulsatile perfusion has been adopted in NHBD kidney screening initiatives, and perfusion characteristics (flow, pressure, resistance, temperature, weight gain) with enzyme analysis of kidney effluents are used to assess viability. Since its isolation and identification as ligandin, glutathione S-transferase (GST) has evolved as a suitable biomarker in the pretransplantation assessment of machine-perfused NHBD kidneys. Different isoforms have been identified from the distal and proximal renal tubules, and the commonest isoform, ␣-GST, has previously been used as a biomarker of renal ischemia as assessed by ELISA (4 ). However, we have previously demonstrated that a spectrophotometric assay for total GST activity (tGST) could reliably be substituted for ␣-GST (5 ) .
Original work by the Maastricht NHBD group has established threshold limits for tGST activity in kidney perfusates for the selection of "viable" kidneys for transplantation (6 ) . This criterion has been introduced in Newcastle, England, where 69 NHBD renal transplants have been performed since 1998 with a first-year graft survival rate of 91%.
Fatty acid-binding protein (FABP), isolated in the cytosol, is involved in the transportation of free fatty acids into the mitochondria for ␤-oxidation, with heart (H)-and liver (L)-FABP isotypes being restricted to the distal and proximal renal tubules, respectively. H-FABP, which is released more readily during renal ischemia, has been used as a biomarker in small animal studies (7 ) .
The aim of the present study was to compare the validity of the HFABP and tGST determined during machine perfusion. The use of controlled and uncontrolled NHBD donors provided a differential ischemia model. Controlled donors represented donors from intensive therapy/high-dependency unit referrals (withdrawal of treatment); these donors had reduced primary warm ischemic times (WITs). Uncontrolled donors represented donors from Accident and Emergency Department referrals who had suffered cardio-respiratory arrest and had generally undergone a period of resuscitation; these donors had longer primary WITs.
From the initial procurement of 59 NHBDs, 69 renal transplants were performed, of which 44.9% (31 of 69) involved uncontrolled donor kidneys and 55.1% (38 of 69) involved controlled donor kidneys. After donor family consent was obtained, the kidneys were removed and machine-perfused for 4 -8 h, using the Newcastle Hypothermic Preservation System (8, 9 ) . Decisions for implantation were based on a combination of procurement and preservation characteristics, including tGST concentrations in kidney perfusates (10 ) .
tGST activity in kidney perfusate samples, collected hourly during machine perfusion and stored at Ϫ20°C, was measured with an automated (Roche ® Cobas Mira) spectrophotometric method, described by Habig and Jakoby (11 ) , based on the conjugation of chlorodinitrobenzene at 25°C with glutathione to form glutathione Sdinitrobenzene, with the absorbance of the product measured at 340 nm. Calibration was performed with a series of calibrators prepared from Maastricht standard renal GST, diluted in 0.1 mol/L phosphate buffer (pH 5.9). The intra-and interassay CVs were Ͻ4% and Ͻ7% at tGST activities of 65.3 and 229 U/L. HFABP in the kidney perfusates was measured with a sandwich ELISA using a calibrator composed of recombinant human HFABP (12 ) . Briefly, the procedure involved coating a microtiter ELISA plate with monoclonal detector antibody 67D3 (gift from HyCult Biotechnology, Uden, The Netherlands) and incubating for 1 h with recombinant calibrator or perfusate before the addition of a second, horseradish peroxidase-labeled detector antibody, 66E2-HRP (HyCult Biotechnology). After the plate was washed, tetramethylbenzidine (Lucron Bioproduct) was added, the reaction was terminated with 2 mol/L sulfuric acid, and the resulting absorbance was measured at 450 nm. All incubations were performed at room temperature. The intra-and interassay CVs were Ͻ5% and Ͻ11% at HFABP concentrations of 1 and 12 g/L, respectively. The assays for tGST activity and HFABP were performed in separate laboratories, without previous knowledge of the procurement and perfusion characteristics.
There were 31 (of a total of 70 NHBD kidneys procured) renal transplants using uncontrolled donors and 38 (of a total of 48 NHBD kidneys procured) renal transplants using controlled donors, with lower discard rates perceived with the controlled donors ( Table 1 ). The two groups of donors were matched for donor and recipient factors. The mean (Ϯ SE) WITs were 24.9 Ϯ 1.5 min and 20.5 Ϯ 1.5 min for uncontrolled and controlled donors, respectively ( Table 1 ). The first-year graft survival rates were 83% and 97% in recipients of uncontrolled and controlled NHBD kidneys, whereas the first-year patient survival rates were 82% and 94% in recipients of uncontrolled and controlled NHBD kidneys, respectively.
In terms of graft function, renal transplants of uncontrolled donors produced a PNF rate of 13% and DGF rate of 87%, whereas renal transplants of controlled donors produced an immediate function (IF) rate of 32% and DGF of 68%. The mean tGST activity and HFABP concentration (per 100 g of kidney tissue) at t 4 (4th hour of machine perfusion) for uncontrolled donors were 143 Ϯ 18 U/L and 184 Ϯ 13 g/L, respectively. The mean tGST activity and HFABP concentration (per 100 g of kidney tissue) at t 4 for controlled donors were 96 Ϯ 14 U/L and 80 Ϯ 10 g/L, respectively. Using a scatterplot of tGST vs HFABP, we obtained a Pearson correlation coefficient (r) of 0.8 (P Ͻ0.001; Fig. 1 ). Grafts that subsequently failed (n ϭ 5) had a mean tGST activity (128 Ϯ 34 U/L per 100 g of kidney tissue) and HFABP concentration (89 Ϯ 14 g/L per 100 g of kidney tissue) at t 4 similar to those of functioning grafts. tGST activity did not exceed a critical value of 200 U/L per 100 g of kidney tissue.
The differential renal ischemic clinical model was illustrated by the use of controlled and uncontrolled donors. Uncontrolled donors suffered worse ischemic insult with longer primary WITs (P Ͻ0.05, Mann-Whitney U-test). Clinically, the use of uncontrolled donors was associated with a higher discard rate (39 of 70 vs 10 of 48; P Ͻ0.001, 2 -test), poorer graft survival rate (83% vs 97%), higher PNF (12.9% vs 0%; P Ͻ0.05, 2 -test) and DGF rates (87% vs 68%), and lower IF rates (0% vs 32%, P Ͻ0.001, 2 -test) compared with use of controlled donors. This was reflected by higher biomarker concentrations detected in the kidney perfusate during machine perfusion of uncontrolled donors (P Ͻ0.001, Mann-Whitney U-test). Both biomarkers showed paralleled changes in concentration detected during machine perfusion, as illustrated in the scatterplot, with a Pearson correlation coefficient of 0.8 (P Ͻ0.001; Fig. 1) .
Previously, viability assessment of NHBD kidneys has involved the use of many markers, such as lactate dehydrogenase, lactate, urea, pH, electrolyte changes (13 ), adenine nucleotides (14 ) , macromolecules of cell structure (e.g., ␤ 2 -microglobulin and N-acetyl-␤-d-glucosaminidase) (15 ) , lysosomal enzymes (16 ), metabolic enzymes (GST and alanine aminopeptidase) (17 ) , cytosolic proteins (HFABP) (18 ) , and the use of pretransplantation biopsies (19 ) . These have had limited success in assessing mild ischemic injury. The use of proteomics with gel electrophoresis to identify newer markers by isolation and identification of protein fractions appears interesting but not practical (20 ) . GST has remained the most suitable marker when used in conjunction with machine preservation. Unfortunately, the sensitivity of GST is question- able in borderline cases. The routine use of other biomarker assays, such as HFABP in conjunction with tGST activity, could provide complementary information on the potential allograft "viability". This is illustrated by the fact that there was better segregation of donor categories (controlled vs uncontrolled) with HFABP than with tGST activity. This finding therefore warrants continued evaluation. 
Measurements of TIBC, serum iron, and the percentage of iron saturation of TRF are useful for the clinical diagnosis of iron-deficiency anemia and chronic inflammatory disorders (6, 7 ) and as screening tests for other clinical conditions (8 ) . TIBC is routinely determined (9 -12 ) by saturation of TRF with an excess predetermined amount of iron, removal of the unbound iron, and measurement of the iron that is dissociated from TRF. For removal of the unbound iron, magnesium carbonate (9 ), ion-exchange resin (10 ), alumina columns (11 ), or magnetic particles (12 ) are used. Most direct TIBC measurement methods require manual procedures that involve centrifugation or pretreatment of serum samples. As an alternative to direct measurement methods, TIBC values are also calculated from the sum of serum iron and unsaturated iron-binding capacity (UIBC), both of which are determined by colorimetric methods (calculation method).
We developed a direct and fully automated TIBC (DTIBC) assay for use with an automated multipurpose analyzer (13, 14 ) . A fully automated TIBC measurement method is also commercially available (15 ) . In our previous study (14 ) , TIBC values obtained by DTIBC assay correlated strongly with serum TRF concentrations (r ϭ 0.984; n ϭ 59), and the slope of the regression line was consistent with the theoretical TIBC/TRF ratio. We also observed good correlation between our DTIBC values and values calculated from the sum of serum iron and UIBC, but the calculated TIBC values were lower than the DTIBC-determined values and TIBC values obtained by an automated assay. Similar results have been reported in a comparison of a calculation method and a direct automated TIBC assay (16 ) . In the present study, we reevaluated the relationships between TRF concentrations and TIBC values obtained by the DTIBC assay and by calculation methods in a large sample (n ϭ 188) and used
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